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We give a new proof of the following theorem, due to T. C. Hu [3]. 
THEOREM. Let e, , e, be distinct edges of a directed graph G = (V, E), and 
let c: E + R+ be given. Then the following are equivalent: - 
(i) there are circulations FI , F, of G such that 
I K(edl = 44, F&J = 0 
FIG4 = 0, I J%hJl = 44 
I F&>l + I F&9 < 44 for e E E - kl ,eS 
(ii) for every X _C V, 
4Xx> f-3 -23 ,ed < c(V) - h , 4>. 
[Here R and R+ are the sets of real and non-negative real numbers respective- 
ly. A circulation F of G is a map F: E -+ R such that for each vertex v E V, 
Z(F(e): e e a-(v)) = Z(F(e): e E S(v)) 
where a-(u) and a+(v) are the sets of edges directed respectively into and out of 
v. For X C V, a(X) denotes the set of edges of G with precisely one end in X. 
For E’ C E, c(E’) denotes Zaete* c(e).] 
Proof. That (i) implies (ii) is obvious; we prove the converse. By Hoffman’s 
circulation theorem [l, 21 (or by easy manipulation of the max-flow min-cut 
theorem itself [l]) there is a circulation HI of G such that 
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Similarly, there is a circulation Hz such that 
and for e t E - (el , e2): 
as required. 
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